Summary. Male Japanese quail have relatively large testes (2\m=.\26%of body weight), a rapid rate of spermatogenesis (14\m=.\4\p=n-\15\m=.\8days) and an efficient production of spermatozoa (92\m=.\5\ m=x\ 106/g testis per day). The daily output of spermatozoa is high (308 \m=x\106 per bird, 2\m=.\08\m=x\106 per g body weight). The total number of extragonadal spermatozoa was 308 \m=+-\ 22 \m=x\106 per bird. Spermatozoa were transported through the genital ducts in about 1 day, maturing quickly in the epididymal region and stored briefly in the ductus deferens. Spermatozoa isolated in the ductus deferens by ligatures around the duct rapidly lost the capacity for motility after 3 days. It is concluded that, compared to mammals such as the rat, the reproductive strategy of the quail involves the rapid production, maturation and transport of spermatozoa through the reproductive tract, in association with a limited capacity to store spermatozoa for long periods within the male genital ducts.
Introduction
There have been a number of recent studies on the male genital ducts of several avian species (domestic fowl: Tingan, 1971 (domestic fowl: Tingan, , 1972 ; domestic turkey: Hess, Thurston & Biellier, 1976 ; Hess & Thurston, 1977;  Japanese quail: Aire, 1979 Aire, , 1980 . However, the main reports of functional studies are by Munro (1938a, b) who studied the transport, maturation and storage of spermatozoa in the domestic fowl. Bedford (1979) has given some data for several avian species to demonstrate differences in sperm maturation between passerine and non-passerine birds.
The studies described in this report were carried out as part of a general study of reproductive strategies of male vertebrates. We are examining the structure and function of the reproductive system (particularly the genital ducts) of the Japanese quail because it is the most suitable laboratory bird available.
Materials and Methods
Sexually mature males (>8 weeks of age) were used for all studies. They were maintained with females in animal rooms kept between 20 and 26°C with a constant light regimen of 16 h light (06:00-22:00 h)/24 h for a period of at least 3 weeks before use and during the experiment when appropriate. The birds were killed by decapitation. In most studies the genital ducts were divided into the six sampling regions shown in Text-fig. No. of spermatozoa/side (106) 1-8 + 0-3 9-9 ± 1-9 45-4 ± 3-5 36-8 ± 2-8 28-6 ±3-1 31-4 ±3-9
Duration of sperm 0-3 Table 2 ). Assuming that the mode number of labelled spermatozoa entered the ducts shortly after Day 10-5 (the location of the mode at site 3 was 11-0 days and at site 6 it was 11-5 days after injection) it was considered that the mode of the distribution of labelled spermatozoa traversed the genital ducts in about 1 day. The period taken for the fastest spermatozoa to pass through the genital ducts was also estimated to be about 1 day because labelled spermatozoa were first detected at sites 1 and 6 of the ducts at 10-0 and 11-0 days respectively after the injection of [3H]thymidine (Table 2) . 
Development ofmotility
Preliminary studies showed that in samples from the ductus deferens the motility of spermatozoa was depressed if there was any delay in releasing them from the duct after the animal's death. Consequently, to minimize the period between death and the release of spermatozoa the study was carried out as two separate experiments (Table 3) . 82-9 ± 6-3 76-4 ± 7-0
Only a few (weakly) motile spermatozoa were found in samples from the testis. The motility of spermatozoa from the epididymal region was also weak. However, the pattern of motility of spermatozoa from these regions was the same as for 'mature' spermatozoa. There was an increase in the vigour of this motility (which roughly corresponded to changes in percentage motile spermatozoa) between the regions. It was scored as maximum for samples from the ductus deferens. Table 3 shows the changes in mean percentage of motile spermatozoa immediately after release into Krebs-Ringer phosphate and after 0-5 and 1-0 h incubation. The mean scores of percentage motile increased substantially between regions 1 and 3 (P < 0-001) and showed a small increase between regions 3 and 6 (P < 0-01).
Survival ofspermatozoa isolated in the ductus deferens
The effects on subsequent motility in vitro of isolating spermatozoa for various periods in the left ductus deferens are summarized in Text- fig. 2 fig. 2 ).
The histological studies showed that in 6 birds examined 1-7 days after operation the epithelium between the ligations of a duct was structurally similar to the epithelium in the contralateral duct. This indicates that the operation did not greatly affect the integrity of the ductus deferens by, for example, restricting blood flow to the isolated region.
Discussion
The estimate for the quail of 9-5 to 10-5 days for the period of spermatogenesis between the occurrence of preleptotene and leptotene spermatocytes and spermateliosis is similar to the value determined by Amir, Braun-Eilon & Schindler (1973) , and of the same magnitude, but shorter, than the estimate for the same process in the domestic fowl (12 days; de Reviers, 1968) . If it is assumed (this assumption does require verification) that this period corresponds to three cycles of the seminiferous epithelium (Amann, 1970) and that the whole spermatogenic cycle consists of about 4-5 cycles as in mammals (Setchell, 1978) , then the duration of one cycle of the seminiferous epithelium would be 3 · 2-3 · 5 days and the whole process of spermatogenesis from the initial spermatogonial division to sperm release from the seminiferous epithelium would be 14-4-15-8 days.
The development of motility by quail spermatozoa during passage through the genital ducts appears to follow a pattern similar to that in the domestic fowl (Munro, 1938a) . Because scores of the motility of spermatozoa from the genital ducts of the domestic rooster are an indication of their fertilizing capacity (Munro, 1938a) , it appears that their maturation is mainly within the epididymal region of the genital ducts. Nevertheless, considering the presence of some spermatozoa from the testis which show a mature pattern of (weak) motility, which in the fowl is associated with some capacity to fertilize eggs (estimated as 0-8% by Munro, 1938a) , and the short period that spermatozoa spend in the epididymal region (about 2 h), it is suggested that the maturation of spermatozoa may be a much simpler process in the quail than in mammals such as the rat and rabbit (Orgebin-Crist, 1967; Dyson & Orgebin-Crist, 1973; Robb et al., 1978 (1973) , and of about the same magnitude (but slightly shorter) than those found for the domestic fowl (Munro, 1938a, b; de Reviers, 1968) . The spermatozoa can survive at least three times as long in the male genital ducts of these birds as they take to pass through them. Furthermore, although spermatozoa may not be stored for long periods in the genital ducts, the ducts may still be considered to contain a region where spermatozoa are stored. This would be the whole ductus deferens because the spermatozoa are mature when they enter this duct, as suggested by Lake (1957) , Glover & Nicander (1971) Further work is required to determine whether the quail is representative of all non-passerine birds in terms of its production, transport and storage of spermatozoa. Nevertheless, the details in Table 4 show that the reproductive strategies of quail and rats are quite different: in relative terms the quail has larger testes which produce spermatozoa more rapidly, associated with a rapid transport of spermatozoa through the genital ducts and a limited capacity to store them for long periods. 
